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Abstract  
China leads the world in afforestation, and is one of the few countries whose forested area is 
increasing. However, this massive ‘‘greening’’ effort has been less effective than expected; 
afforestation has sometimes produced unintended environmental, ecological, and 
socioeconomic consequences, and has failed to achieve the desired ecological benefits. 
Where afforestation has succeeded, the approach was tailored to local environmental 
conditions. Using the right plant species or species composition for the site and considering 
alternatives such as grassland restoration have been important success factors. To expand this 
success, government policy should shift from a forest-based approach to a results-based 
approach. In addition, long-term monitoring must be implemented to provide the data needed 
to develop a cost-effective, scientifically informed restoration policy. 
 
Keywords 
Afforestation policy _Environmental degradation _ Evironmental restoration _Reforestation _ 
Sustainable development 
 
China is one of the few countries whose forested area is increasing. To alleviate severe soil 
erosion and desertification due to deforestation and overgrazing, China has implemented 
unprecedented large-scale afforestation throughout the country (Li 2004; Cao et al. 2011). 
From 2005 to 2010, more than 45 million ha of plantation forests and more than 20 million 
trees were planted (State Forestry Administration 2010). China’s forestry policies have 
focused on expanding forest areas and timber stocks by establishing plantations (Wang et al. 
2008). However, this massive ‘‘greening’’ effort has been less effective than expected in 
some geographic regions. In some cases, the afforestation has produced unintended 
environmental and socioeconomic consequences, and has failed to achieve the desired 
ecological benefits (Cao et al. 2011). This article synthesizes the major factors that have 
affected China’s ecological restoration strategy, discusses the lessons learned, and offers 
perspectives for China’s future road to sustainability in forestry. 
 
FAILING TO ACCOUNT FOR ENVIRONMENTAL AND VEGETATION CONDITIONS 
 
Although China’s total forest area is increasing, monitoring suggests there have also been 
many planting failures that resulted from choosing inappropriate species (Cao et al. 2011). 
For example, the native vegetation in northern China’s arid and semi-arid regions usually 
comprises communities of small halophytic shrubs, steppe and savanna vegetation, and some 
herbaceous plants that grow on Aeolian sands and other soils vulnerable to wind erosion 
(Wang et al. 2010). In these regions, fast-growing exotic tree species (e.g., Populus tremula, 
Pinus tabulaeformis, Robinia pseudoacacia) have been preferred by Chinese foresters because 
they offer attractive short-term results, but the planted trees are often unsuitable for the 
afforestation sites in the long term; they deplete soil moisture because their transpiration rate 
is higher than that of the native plants they replace and higher than the rate at which soil 
water is replenished (Cao et al. 2011), thereby resulting in long-term soil desiccation and 
plantation mortality. This suggests that the first step to restore the degraded vegetation in arid 
and semi-arid China is to design an appropriate community structure by choosing the right 
species (i.e., species that have water requirements similar to or less than those of the original 
vegetation); where the water needs of a species under a region’s environmental conditions are 
unknown, a more conservative approach based on restoring the original vegetation is more 
likely to succeed. For example, in areas where local managers restored natural grassland 
instead of planting trees, vegetation cover has improved and remained stable in the long term 
(Jiang et al. 2006).  
 
Unfortunately, the reduced soil moisture and sunlight that develop under expanding tree 
canopies can lead to dramatic declines in the biodiversity and cover of native grasses and 
other plant species, particularly when planters remove some of this vegetation (whether 
manually or using herbicides) before planting to prevent it from interfering with tree 
establishment (Normile 2007; Cao et al. 2011). Planting trees may fail to control water and 
soil erosion in both arid and humid regions if understory vegetation is badly damaged, since 
this damage reduces protection of the soil surface, reduces infiltration of water (particularly 
when soil compaction develops), and can increase the erosive energy of raindrops as a result 
of the increased raindrop size that develops as canopy cover increases (Zhou and Wei 2002; 
Stone 2009; Wang and Cao 2011). Local residents describe the phenomenon as ‘‘green 
mountains, but streams full of yellow mud’’. Soil water and nutrient contents 
may decrease or fail to improve after afforestation when surface flow dominates the 
hydrological processes because infiltration of rainwater is insufficiently rapid, carrying away 
nutrient-rich surface soils (Wang and Cao 2011). Large-scale studies also suggest that even 
where plantation-based soil conservation practices have significantly reduced sediment loads 
in northern China, they have also reduced streamflow due to increased evapotranspiration 
(Sun et al. 2006; Zhang et al. 2008). 
 
In China, only a small range of tree species have been used for afforestation of degraded 
lands despite the highly variable climatic conditions (Liu et al. 2008). In general, tree species 
have been selected mainly based on seedling availability, their initial ability to tolerate poor 
soils, and high growth rates capable of producing industrially useful wood (Stone 2009). 
High planting density has also been encouraged to quickly establish a high vegetation cover. 
Unfortunately, this ‘‘one size fits all’’ approach has had serious negative consequences. 
Between 1952 and 2005, overall survival rates of trees planted during reforestation projects 
have been as low as 24% for China as a whole (Cao et al. 2011). In addition, large areas were 
often dominated by a single species, leaving these monocultures susceptible to insect and 
disease problems (Li 2004; Stone 2009). Finally, there is a large difference between surviving 
and thriving. When trees are planted where they lack sufficient water or nutrient resources, 
they have low productivity and provide low levels of ecological services. For example, 
dwarfed trees have been observed throughout reforestation regions where annual precipitation 
was less than 400 mm (McVicar et al. 2010). These trees vividly illustrate the low growth 
rates and poor health that can result when trees are poorly suited to the local conditions. 
 
GREENING CHINA NATURALLY 
Historic vegetation patterns are a good guide for assessing suitable vegetation for 
reforestation (or grassland) restoration efforts. Therefore, species selection for revegetation 
should be location-specific, and not a ‘‘one size fits all’’ approach. We must therefore learn 
to observe and follow natural processes whenever possible when we design revegetation 
projects. Where we do not know the optimal species for local ecological conditions based on 
the results of long-term empirical research, nature’s own laboratory may provide the best 
available data. This will mean greatly expanding the species choices available to restoration 
managers. 
 
In some cases, afforestation and planting may not be the optimal solution. Instead, the best 
strategy may be to protect a site from grazing and logging instead of planting trees (Sasaki et 
al. 2008). Theory suggests that a disproportionate loss of species occurs when vegetation 
cover decreases to between 10 and 30% (Lindenmayer et al. 2005; Radford et al. 2005). Jiang 
et al. (2006) provide suggestions about the characteristics that make a site suitable for a 
protection-based approach. To produce industrially useful wood, tree species with a high 
growth rate should only be planted in moist areas where the available water is greater than the 
physiological needs of the trees.  
 
Many degraded ecosystems show remarkable ability to recover through natural processes 
(Mitchell and Ricardo 2004; Jiang et al. 2006; Cao et al. 2011). Thus, a key strategy for 
ecological restoration is to protect the natural soils and vegetation at a site and thereby take 
advantage of the ecosystem’s ability to self-repair; ecosystems have evolved over decades or 
centuries to use a site’s resources sustainably with little or no human intervention. However, 
natural recovery of degraded ecosystems can be difficult when they have crossed an 
ecological threshold and reached a new steady-state stage (Sasaki et al. 2008). Thus, research 
must be conducted to identify these thresholds, and managers must monitor ecosystems to 
determine when degradation thresholds are being approached.  
 
In the low-fertility red soils of southern China, fertilization (and especially the use of organic 
matter to increase the soil’s organic matter content) has assisted the recovery of natural 
vegetation, leading to successful ecological restoration (Changting County Government 2004; 
Cao et al. 2009). Unlike the use of herbicides, fertilizers and organic matter are attempts to 
supplement the natural rejuvenative power of nature, not supplant it. On low-fertility sites, it 
may be necessary to implement maintenance practices such as post-planting fertilization of 
the trees and other soil amendments (e.g., adding organic matter). The benefits of a ‘‘closer to 
nature’’ approach are many and varied, including a better mix of plant species, the 
development of richer humus, and an improved ability of the soil to retain water. As the 
vegetation begins to recover, it reduces surface runoff and stabilizes not only the hydrology 
of the watershed but also the local climate; this can lead to positive feedbacks in which the 
improved soil conditions accelerate vegetation recovery. In addition, the ecosystems are more 
resistant to pests and diseases both because they are more diverse and because supplemental 
fertilizer and organic matter increase the health and vigor of the trees (Stone 2009). The 
potential natural vegetation at any site depends on the local site conditions (climate, soils, and 
topography). Trying to determine the past, present, and future potential natural vegetation 
that these conditions can support is like a detective story, but this is an important mystery to 
solve. 
 To conserve ecosystem diversity and preserve native species and ecological services, it is 
sometimes more efficient to focus conservation funds on near-natural ecosystems; these may 
be less complex and diverse than true natural ecosystems, but so long as they are stable, they 
are a good compromise solution. Policies should be based on fundamental ecological 
restoration principles that emulate natural processes. Tradeoffs in ecosystem services that 
result from tree planting (e.g., increased wood production at the cost of decreased water 
availability) should be carefully considered before choosing afforestation (Jackson et al. 
2005), and the choice must be based first on long-term stability. Managers must understand 
the tradeoffs among ecological and economic benefits, and between short-term and long-term 
benefits. Formulating a sustainable policy based on integrated solutions will also require 
policy developers and competing government departments to work together to avoid 
undermining any stakeholder’s efforts (Guan et al. 2011). 
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